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Abstract 


Simultaneous  photographic  observations  of  flashes  from  the  ANNA  I-B  geo¬ 
detic  satellite  were  made  by  Air  Force  PC  1000  cameras  during  the  period  Septem 
ber  1963  to  January  1964.  Geodetic  position  determinations  using  these  ANNA  ob¬ 
servations  indicate  that  the  PC- 1000  camera  system  used  with  the  intervisible 
technique  is  capable  of  extending  geodetic  control  to  a  proportional  accuracy  of 
better  than  1/ 100,  000. 
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Geodetic  Positioning  From  Simultaneous  Optical 
Observations  of  the  ANNA  l-B  Satellite 


I.  IM'IHMM  CTION 

The  ANNA  I-B  geodetic  satellite  was  launched  on  31  October  19G2.  Since  that 
time  many  optical  observations  have  been  made  utilizing  the  satellite  in  the  orbital 
mode,  the  short  arc  mode,  and  with  the  intei  visible  technique. 

This  p  .per,  the  second  in  a  series  on  geodetic  determinations  from  ANNA  op¬ 
tical  observations,  covers  the  intervisible  technique  during  the  period  September 
1963  to  January  1964.  Previously,  ANNA  short  arcs  were  investigated  under  an 
AFCHL  contract.  1  Azimuth  determinations  from  simultaneous  ANNA  photographic 
observations  have  been  completed  recently.^  Orbital  techniques  for  geodess  using 
ANNA  data  are  being  evaluated  at  this  time. 

In  this  project,  commonly  known  as  the  "Gulf  Test,"  the  simultam  ous  observa¬ 
tion  network  was  made  up  of  ten  PC'- 1000  cameras  located  in  the  soutnern  United 
States  (Table  1).  The  camera  site  layout,  chosen  for  an  Air  Photog  aphic  and 
Charting  Service  rocket  flare  triangulation  test,  was  used  as  matter  of  expediency, 
although  the  station  geometry  was  not  the  best. 

In  the  Gulf  Test,  as  in  the  whole  ANNA  project,  the  Air  Force  has  utilized  the 
optical  portion  of  the  ANNA  geodetic  satellite  program  through  the  participation  of 
three  agencies-  Air  Force  Cambridge  Research  Laboratories  (AFCHL),  Air  Photo¬ 
graphic  and  Charting  Service  (APCS),  and  the  Aeronautical  Chart  and  Information 
Center  (AC1C).  AFCHL  computed  the  look-angle  information,  scheduled  the  flash 
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sequences,  triggered  the  flashes  with  the  emergency  override  system  when  neces¬ 
sary,  and  performed  the  final  geodetic  reductions,  APCS  distributed  the  look- 
angles  and  operat'd  and  maintained  the  PC-1000  stellar  cameras.  ACIC  performed 
th"  plate  reductions,  forwarding  right  ascensions  and  declinations  of  the  flash  posi¬ 
tions  to  AFCHL  for  use  in  the  geodetic  reductions. 

The  purpose  of  the  Gulf  Test  is  to  prove-out  a  stereo-triangulation  system  that 
encompasses  a  satellite-borne  light  source,  PC- 1000  camera  systems,  a  plate  r  e¬ 
duction  method  developed  specifically  for  long  focal  length  cameras,  ^  and  a  computer 

'4 

program  for  intervisible  geodetic  reductions. 


2  SATKM.m:  I1KM  0N 

Although  the  ANNA  satellite  can  it  s  SFCOH,  an  electronic  ranging  system, 
and  the  Transit  dopplcr  equipment  in  addition  to  the  flashing  light  system,  oidy  the 
latter  has  direct  application  to  this  paper . 

The  ANNA  optical  beacon,  developed  for  AFCHL  by  Fdgerton,  Gcrmeshauscn 
and  Grier,  Inc.  ,  consists  ol  two  pairs  of  xenon-filled  str  oboscopic  lamps  mounted 
in  reflectors,  one  pair  on  the  north  face  of  the  solar  cell  panel  and  one  pair  on  the 
south  face.  Since  the  satellite  is  magnetically  stabilized,  >  ne  pair  of  lights  is 
utilized  when  the  satellite  is  north  ol  the  magnetic  equator.  A  flash  sequence  is 
composed  of  five  flashes  spaced  •>.  0  sec  apart.  The  energy  per  flash  is  1100  joules. 
The  flash  duration  is  1.2  msec,  producing  a  light  output  of  about  8800  candle-see 
per  flash.  Under  normal  operation,  flash  times  are  inserted  into  the  satellite  mem¬ 
ory  from  an  injection  station  locate  d  at  the  Applied  Physics  Laboratory  in  Maryland 
when  the  satellite  passes  within  range  of  the  station.  The  timing  of  the  flash  se¬ 
quences  is  controlled  by  the  memory  clock.  At  the  predetermined  times  the  clock 
initiates  the  flash  sequences,  to  an  accuracy  of  0.  1  to  0.  5  msec. 

An  alternative  method  of  initiating  flash  sequences,  in  the  event  of  satellite 
memory  problems,  is  afforded  by  the  emergency  overridi  system  (FMOS),  which 
was  located  at  AFC  HL,  Bedford,  Mass.  ,  dm  ng  the  Gulf  Test  exercise.  The  FMOS 
(Figure  1),  made  up  of  an  antenna,  transmitter,  and  ti tiling  system,  enables  an 
operator  to  initiate  flash  sequi  mens  on  command,  to  1-msec-  accuracy.  Xbsenc  e  ot 
dopplcr  tracking  data,  necessary  for  accuracy  checks  on  the  ANNA  clock  timing, 
has  necessitated  using  the  FMOS  for  executing  flash  sequences  since  11  Octobei 
1983. 


11.  IM  1(10(1  U  WIHl  V  'XMKM 

Hie  PC-  1000  (Figure  2),  1  fixed  sn  11  o  camera  has  a  l()00-mm  !n<  d  h-ngth  a 

200- mm  aperture  and  a  10°  squ.ui  held  of  v  iew.  Tvpe  103F  emulsion  photographic 


Figure  1.  Emergency  Override  System 
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plates  were  used  to  photograph  the  ANNA  flashes  simultaneously  against  stai  back¬ 
grounds  that  included  stellar  magnitudes  as  low  as  the  !*th. 


Figure  2.  PC'- 1000  Geodetic  Stellar  Camera 


A  normal  observation  is  made  as  follows.  Two  precalibration  sequences  of 
shutter  openings  separated  by  approximately  40  sic  are  taken  with  openings  of  2, 

1,  0.5,  0.3  and  0.  1  sec,  the  shutter  being  closed  for  13  set  between  openings. 

Each  recoi'ded  star  gives  rise  to  a  trace  of  pointlike  images.  Fifteen  seconds  after 
the  precalibration,  the  shutter  is  opened  for  1  min  to  photograph  the  ANNA  five- 
flash  sequence,  which  produces  flash  images  ranging  from  40  to  70  mic  rons  in 
diameter,  depending  on  the  camer  a -satellite  range.  After  the  shutter  is  closed  for 
a  15-scc  period,  a  series  of  double  postealibrations  is  taken. 

The  final  plate  consists  of  a  ser  ies  of  five-flash  images  recorded  on  a  ba<  k- 
ground  of  hundreds  of  control  points  provided  by  the  star-  images.  The  control 
points  selected  are  those  that  closely  matc  h  the  photogr  aphic  characteristics  of  the 
flash  images.  This  eliminates  tin  measuring  bras  problem  since  the  bias  is  tin 
same  for  both  the  flash  images  and  the  measured  control.  An  ANNA  plate  reduction 


•usually  involves  bO  to  70  stellar  images  corresponding  to  the  double  pt  ec  al ihi  ati  >r 
and  postcalibration  exposure  times. 

The  flash  directions  from  each  observing  station  arc  determined  iiom  tin  plat* 
measurements  of  control  points  and  flash  images.  These  are  l on* aided  by  A(  1(  to 
AFCHL  in  the  form  of  topocentric  right  ascensions  and  declinations.  Included  w  ith 
the  flash  directions  are  their  standard  deviations,  which  are  by-products  of  the 
plate  reduction  program.  These,  together  w  ith  the  observing  station  positions  and 
theii  assumed  uncertainties,  comprise  the  input  for  the  intervisible  (simultaneous 
observation)  geodetic  reduction  program. 


I  INTKKMSIBI.K  ADJI  STMKM  TIIKOKA 


The  usual  departure  point  for  the  adjustment  of  overdetermined  systems,  such 
as  those  stemming  from  the  Gulf  Test,  is  the  method  of  least  squares.  This  method 
is  based  rigorously  on  the  method  of  maximum  likelihood  for  normal  deviates,  which 
is  the  foundation  on  which  the  reduction  technique  for  the  Gulf  Test  systems  is  di¬ 
rectly  constructed. 

The  principle  of  the  method  of  maximum  likelihood  is  to  maximize  the  likelihood 
function  or  its  logarithm  L  with  respect  to  the  parameters  to  be  adjusted 
p  =  1, 2,  ....  P.  Consider  these  parameters  as  the  elements  of  a  P- vector  O.  Then 
the  conditions  for  a  stationary  point  at  0  -  0  can  be  written 


.ly  o 


P  *  1.  2 . P. 


Suppose  that  Q  is  an  approximation  to  0.  By  Taylor  series  expansion  to  the 
first  order  in  {IP  -  m  ),  these  conditions  become 
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1’his  arr  ay  is  the  form  used  in  the  iterative  solutions  of  the  Gulf  Test  networks. 

A 

It  can  b<  shown  tiiat  with  such  an  iterative  technique,  0  converges  in  probability  to 

the  true  parameter  0  and  npq  converges  in  probability  to  the  expected  value  of 

(fip  -  0P)(fiq  -  »q).  that  is,  [nPq]  is  the  solution  covariance  matrix. 

rhe  elements  of  the  parameter  vector  0  for  the  intervisible  networks  of  thi 

C.ulf  Test  arc  taken  as  the  coordinates  of  H  flash  positions  x.  ,  r  =  1,2,..,  ,  R,  and 

the  coordinates  of  S  ground  stations,  v‘i,  s  =  1,2,...  ,S.  (Subscripts  always  pertain 

to  the  3- vector  of  cartesian  space,  and  the  convention  of  summation  over  repeated 

subscripts  is  adopted.)  Estimates  are  available  before  the  reduction  of  the  coordi- 
0  s  s 

nates  of  the  stations  yt  ~  y.  and  of  their  uncertainties.  The  uncertainties  for  each 

■  1  M 

station  are  normally  distributed  with  zero  means  and  inverse  covariance  elements 


k‘  .  It  is  assumed  that  there  is  no  correlation  between  stations  and  that  each  error 
lJ  s 

ellipsoid  defined  by  K.^  is  an  ellipsoid  of  revolution  about  the  local  vertical  axis. 
Properly  interpreted,  the  solution  to  be  derived  is  valid  in  the  limit  as  any  error 
ellipsoid  becomes  infinitesimal  (fixed  station)  or  infinite  (completely  unknown  station) 
The  range  from  station  s  to  flash  r  is 


and  the  direction  cosines  from  "  o  station  to  the  flash  are 
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Its  second  derivatives  are,  to  the  zeroth  order  in  61  s  (m j  S  i|S), 
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where  ft.  is  the  Kronecker  delta.  All  other  second  derivatives  are  zero. 

The  second  derivatives  are  calculated  from  the  first  approximations  for  xt 
and  y‘  ,  and  the  covariance  matrix  is  found  by  inversion.  For  reasonable  first 
approximations,  this  matrix  need  be  evaluated  only  once.  The  first  derivatives  art 
multiplied  by  the  covariance  ...atrix  as  in  Fq.  (1)  to  generate  corrections  to  xj  and 
y“  (that  is,  to  0P),  which  are  in  turn  used  ti  update  tin  first  derivatives  for  iterative 
.plication  of  the  equation.  Iterations  are  continued  until  all  the  corrections  gener¬ 
ated  are  significantly  less  than  the  solution  variances.  The  criterion  that 


(»»> -n  I')2  ioo„1,p. 


p 


,  1’, 


is  usually  satisfied  by  the  second  iteration  of  the  (lull  Test  solution,  one  application 
of  the  first-ordei  solution  is  therefore  usually  quite  sufficient. 


If  station  s  is  completely  unkown,  K 


PI 


modification. 
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()  and  the  above  formulas  need  no 
,.s 


If,  however,  the  station  is  fixed,  sit  K  eft  and  let  u  —  s  .  Then 

‘.I  ‘J 

-  oftij  an(1  the  corresponding  elements  in  the  covariance  tnati  ix  approac  li 


1  •  j  |  in  the  application  of 


> 

<J~  I  . 

e  ft  .  These  elements  multiply  only  s 
i.l  Jv 

•  J 

s  °  s 

Kq.  (1),  the  net  revsult  is  that  any  yj  are  replaced  by  yj  after  one  iteration,  and 
the-}  are  not  modified  thereafter.  In  practice  this  is  accomplished  simply  by  drop- 

r 

(  ing  y  as  adjustment  parameters. 
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The  above  solution  is  valid  only  for  intradatum  ties,  but  it  can  easily  be  extended 

°  s 

for  interdatum  ties  as  well.  For  instance,  suppose  that  for  s  1,2,...  ,T,  y.  is 

°  s 

referred  to  one  datum,  and  for  s  *  T  +  1 ,  T  +  2, .  .  .  ,  S,  y .  is  referred  to  a  second 
datum.  Let  the  datum  displacement  be  z.,  and  in  all  of  the  above  formulas  replace 

o  S  «  g 

y.  bv  v.  +  z.  when  s  -T.  The  additional  derivatives  with  respect  to  z.  of  the  modi- 
J  l  •  •  l  l  *i 

tied  log  likelihood  function  are,  to  the  appropriate  order, 
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All  other  additional  derivatives  are  zero.  ith  the  modified  and  new  derivatives, 
the  datum  displacement  can  be  carried  along  with  the  coordinates  of  the  stations 
and  flashes  in  the  parameter  vector  O. 

An  advantage  of  this  type  of  solution  over  the  usual  least  squares  approach  is 
that  if  the  geometry  and  precision  of  a  network  and  its  measurements  are  spec  lfied, 
the  covariance  matrix  can  be  calculated  without  requiring  actual  observations. 

Thus,  error  analyst  s  c  an  be  performed  for  hypothetical  models.  For  the  Gulf  Test 
measurements,  the  observed  apparent  right  ascensions  and  declinations  and  their 
standard  deviations  are  calculated  in  the  least  squares  plate  reductions  of  ACIC. 
These  standard  deviations  are  d  ecked  against  the  solution  errors  (that  is,  the 
magnitudes  of  the  cross  products  of  the  solution  and  observed  vectors),  in  some 
casts  they  require  modification  ami  second  solutions.  In  such  cases,  there  are 
slight  differences  between  the  solution  parameters,  but  the  covariance  matrices 
change  moderate  Is . 


OH'IHWIION  \KIROKk 

The  eleven  PC  -1000  camera  sites  occupied  during  the  Gulf  Test  are  listed  in 
Table  1.  Station  i  :><),  Jacksonville,  and  Station  C>50M,  Mulberry,  were  occupied  by 
the  same  camera,  the  camera  being  at  Jacksonville  for  the  first  half  of  the  test 
program.  Tht  1381st  Geodetic  Survey  Squadron  of  APGS  provided  the  coordinates 


TABU'  1.  Geodetic  coordinates  of  conn  ra  sites,  NAD  2  7 


Geographic  Site 

Station 

No. 

- 

Latitude 

North 

(eM 

1  .on^itudc 
West 

(A) 

Height 

Above 

Mean 

Sea  I.evt  1 
(h) 

Height 

Above 

Sphe  fold 

HI) 

Houma,  La. 

I.40 

29°  33'  44  8(* 

00°  40'  44'.'  19 

2.  0m 

7.  dm 

l.llinp'ton,  Tex. 

f.4  1 

2!)°37'  39'.'  8'* 

9.9°  09’  14  .’  04 

8.  2m 

12.  2m 

ln^land,  la. 

(.43 

311'*'  1  a1.’  !*  1 

92°  31’  31’:  91 

2 (  .  8m 

2 ' 1 .  8  m 

(  orpus  (hristi,  I  ex. 

(44 

27°  4  1*  20'.  88 

97°  1  4  ’  3 ( , '.'  88 

3.  4  m 

(  .  4  m 

Dauphin  1,  Ala. 

(.47 

30°  14’  4  8’.'  28 

88°  04’ 4 2".  31 

1 .  2m 

>.  2m 

Hunter,  Ga. 

(.48 

32°  00'  03';  87 

81°  09'  13!’(,4 

12.  2m 

12.  2m 

.1  upiti  i  .  1'  la. 

1,4!* 

2(.°  37'  12'.'  >7 

80°  04'  33'.'  80 

8m 

!*.  3m 

Jacksonville  ,  I  la. 

(>,70 

30°  14’  10:’72 

81°  40'  37'.'  4<> 

3.  8m 

9.  3m 

Mulberry,  I  la. 

(>.>() M 

30°  13’  03'.'  4(. 

81°  41'  47'.'  81 

(>.  4m 

9.  "m 

Orlando,  Fla. 

':«(, 

28°  34'  2f,':  03 

Hi"  1  !*’  39'.'  07 

28.  *>m 

3  3.  7m 

Orlando,  11a. 

t.Hi.r 

28°  34'  2(>  70 

81°  19'  38'.'  f  > 

28.  (on 

33.  7m 

TABI.K  2.  Station  observations  (ANNA  satellite  altitude 
approximately  1100  km) 
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of  tiu  camera  siti  s,  which  w  ere  tied  to  first  -  order  control  of  the  North  Aim  i  n  an 
Datum  (NAI)  117),  AC  It  supplied  the  geoid-spheroid  separations  necessary  to  convert 
h<  lghts  ahovi  mean  sea  level  to  heights  above  the  reference  spheroid. 

Thirty-nine  obst  i-vation  nets  wen  obtained  in  the  Gulf  Test.  (A  net  is  defined 
as  a  flash  si  queue  e  successfully  photographed  from  three  or  more  camera  stations.) 
The  analysis  n  this  papei  on  the  capabilities  ol  the  DC- 1000  camera  is  based  on 
data  cum  ntly  available  (Table  2).  obtained  from  six  rets  and  seven  cameras.  It 
i  antu  ipati  d  that  all  nets  will  eventually  be  combined  in  one  overall  reduction 
and  publ  ishi  d. 


u  IU  'III' 

Four  geodetii  netwoiks  wen  examined  with  the  intervisible  computer  program. 

In  mineral,  the  horizontal  standard  deviations  ol  the  stations  to  be  adjusted  were 
chosen  as  100m.  l.xiept  lor  one  case  m  which  the  initial  coordinates  of  one  of  these 
stations  wen  deliberately  m  error  by  140  m,  these  constraints  were  relatively  so 
weak  that  they  wen  tantamount  to  assuming  mliniti  horizontal  standard  deviations. 
The  hoi  izontal  constraint  was  ratlu  r  harsh  for  the  station  deliberately  in  error  but 
was  offset  by  the  strength  ol  the  observations,  coupled  with  the  assumption  that  tiu 
locations  of  the  othci  two  stations  m  that  reduc  tion  were  perfectly  known.  In 
general,  tin  vertical  standard  deviations  of  the  stations  to  be  adjusted  were  chosen 
as  i  in.  These  arc  reasonable  unci  rtainties  for  the  geoid-spheroid  separations  m 
tin  Gulf  Test  area.  Ifi  cause  ol  the  poor  vertical  control  inherent  in  the  Gulf  Test 
nets,  the  vertic  al  standard  deviations  were  usually  decreased  only  slightly  in  the 
reductions,  that  is,  tight  virtual  constraints  were  usually  necessary  to  keep  tin 
vertical  c  oordinates  from  running  away.  " 

The  coordinates  ol  Station  <>4()  (Fable  3  and  I  igure  3)  were  determined  fi  urn 
intervisible  observations  of  1  ( )  flashes  m  Nets  30  and  34,  using  M8—4>4(J  as  a  base¬ 
line.  Tiu  mean  obst  rvation  standard  deviations  were  0.'H5  for  Station  048,  1 '.  ( 
for  Station  of!',  and  1  .' ■>(.  lor  Station  Du, 

Flu  cool  linates  ol  Stations  MH  and  nfu  tt,,re  assumed  to  be  perfectly  known, 
but  Stati  m  'Do  was  given  an  input  position  t  rroi  of  Dl'  in  latitude  and  -4'  in  longi¬ 
tude  and  standard  dt  viations  of  IDO  m  m  north-south  and  east-west  directions  and 
>  m  m  height  above  t hi  spheroid. 

The  sizable  e  f  o  position  t  n  oi  was  removed  in  tin  reduction,  w  ith  a  resulting 

Instance  K  ol  7.1m  between  the  NAI)  27  position  and  tin  ANNA  determined  position. 

This  i  oi  i  esponds  to  a  propoi  tiunal  ai  c  unit  y  ol  1  11(1,000.  The  square  root  of  the 

trace  ol  the  station  solution  invariance  mati  ix  K  is  H.  7  m. 

u 

A  sec  oi  d  .eduction  was  done  using  obst  rvation  sigmas  derived  from  tin  1  list 
gt  odetic  induction  rathe  i  than  ACR  plate  reduction  standard  deviations.  These 


TAHI.f  3.  Geodetic  position  determination  of  station  >  40  tioin 
stations  048  and  049 


Heference  stations 


048  and  049 

°  N  -  S 

"i:-u  ’i;  =  ’ 

Input  standard  deviations 

station  040 

°N-S 

lOOm,  <ij  ^  -  100m,  Ujj 

.)in 

Input  error 
station  040 

6  +3' 

,  >  -4" 

( 'bservations  All  stations  obsi  l  vd  )  flash*  s  each  on  nets  30  and  34 
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sigmas  were  1 17  for  648,  1 96  for  649,  and  1  69  for  640.  With  this  change  in 
weight,  H  and  R  become,  respectively,  9.8  rn  and  11.8  m,  these  results  may  be 
more  realistic. 

In  determining  the  geodetic  coordinates  of  Station  648  (Table  4  and  Figure  4), 
simultaneous  observations  from  648,  64  1  and  643  of  four  flashes  in  Net  8  and  five- 
flashes  in  Net  22  were  used.  The  average  of  the  observation  sigmas  were  84  for 
station  64  1,  0 7  1  for  station  643,  and  0 7 7  for  station  648. 

I  lawless  geodetic  information  was  assumed  for  the  known  Stations  64  1  an  1  643 
but  tlu  unknown  Station  648  was  given  standard  deviations  of  100  m  in  the  north- 
south  direction,  100  m  in  the  east-west  direction,  and  f>  m  in  height. 

With  a  short  baseline  (317  km)  and  poor  station-satellite  geometry,  at  Station 
648  the  distance  R  is  13.4  m.  For  a  distance  of  1220  km  ( the-  average  of  Stations 
t>4  1  to  648  distance  and  Stations  643  to  64)1  distance),  the  proportional  accuracy  is 
1  91,000. 

For  this  reduction,  the  vertical  standard  deviation  of  Station  64  8  decreased  from 
■  >.0  m  to  3.8  m.  Compared  with  other  runs,  this  indicates  relatively  favorable 
geometry  for  vertical  control.  If  there  had  been  no  vertical  constraint,  the  vertical 
standard  deviation  of  the  solution  would  have  been  approximately  6  m. 

A  comparison  ot  the  observational  and  solution  geometries  indicated  that  the 
flash  observation  standard  deviations  were  slightly  overoptimistic.  The  computed 
R  of  12.0  m  is  therefore  underestimated  by  perhaps  30”'-;  either  wav,  it  is  entirely 
cons istent  w ith  R. 

Of  incidental  interest  are  the  uncertainties  of  the  final  flash  positions.  The 
flash  error  ellipsoids  of  this  reduction  arc  approximately  cigar-shaped;  the  longest 
axis  of  each  is  aligned  in  the  general  direction  of  the  64  1  —  64  3  baseline  from  the 
flash  location.  For  flashe  s  m  Net  8,  the  standard  deviations  along  the  longest  axes 
and  normal  to  these  axes  ate  about  1  >  rn  and  2.  5  m.  For  flashes  in  Net  22  these 
standard  deviations  are  about  12.. i  m  and  3  m. 

Stations  t>4  3,  and  '  48  simultaneously  observed  four  flashes  of  Net  19  and 

three  flashes  ol  Net  28  (Table  a  and  Figure  >).  Three  adjustments  were  made  with 
the  data.  The  average  observation  sigmas  tor-  each  station  were  as  follows:  640, 
1.2',  '  i  i,  o'.' 83,  t'38,  0  .'7  a.  The  corresponding  sigmas  of  the  second  fit  were, 
i  c  spec  lively  ,  1  '  3,  1.26,  and  o'.  >2. 

1  oi  the  first  run  the  coordinate  s  ot  the  retereme  Stations  640  and  643  were 
assumed  to  be-  known  pertec  tlv.  Tor  tlu  second  run  the  retercrue  stations  were 
give  n  horizontal  standar  I  deviations  ot  3  m  and  vertic  al  standard  deviations  of  0.  1  m, 
whu  h  arc  sti.l  optimistic  ten  NAI)  27  tirst-order  stations.  Foi  the  third  run,  the 
hoi  izontal  standard  deviations  weie  doubled  to  6  m  and  the  vertical  standard  devia¬ 
tions  wi  ie  unchanged.  For  all  runs  the  unknown  Station  648  had  horizontal  standard 
deviations  of  100  m  and  a  vertic  al  standard  deviation  ot  •>.  0  m. 


TABLE  4.  Geodetic  position  determination  of  station  648  from 
stations  641  and  64  3 


Heft  rente  stations 

64  1  and  643  °N-S  ^l'-W  = 

Input  standard  deviations 

station  648  ^  =  100m,  o^.  ^  =  100m,  =  nn 

Observations:  All  stations  obsc  rved  4  flashes  on  nt  :  8  and  a  flash*  s 
on  net  22 

Average  observation  o  used:  641,  '.'84,  043,  '.'71;  648,  '.’77 
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I ■  igur<  1.  Tilt  Coordinates  of  Station  *  48  arc  Determined  From 
Those  of  Stations  64  1  and  64  3  !>\  \<  ts  H  and  22 
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TABLE  5.  Geodetic  position  determination  of  station  648  from 
stations  640  and  643 


Reference  stations 
640  and  643 


Run  S 

0_.  - 

*  0_  ... 
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*  6m,  o..  ■  0.  1m 
n 

Input  standard  deviations 

station  648  °N  S  *  l®0rn-  -W  "  100m'  °n  Srr> 

Observations:  All  stations  observed  4  flashes  on  net  19  and  3  flashes 


on  net  28 

Average  observation  o  used  640,  1  '.'26,  643,  '.'83,  648,  '.'75 
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1  iguri  6.  The  Coordinates  of  Station  648  are  Determined  from 
Those  of  Stations  640  and  643  by  Nets  19  and  28 


The  difference  between  the  NAD  27  position  and  the  ANNA  determined  position 
foi  the  first  run  is  21.7  m  (R^  =  14.  (i  m),  which  corresponds  to  1/47, 000.  l  or  th 
second  run  this  difference  is  21.3  m  (Rq  =  22.2  m )  and  the  proportional  accuracy  is 
1/4H.000.  For  the  third  run  the  difference  is  10.5  rn  (R  =  35.  1  m)  and  the  propor¬ 
tional  accuracy  is  l/o2,000.  In  each  case  the  major  portion  of  the  station  error  is 
m  the  longitude,  this  is  understandable  because  of  the  long  narrow  triangle  formed 
1  the  stations  involved.  The  reference  Stations  640  and  643  have  R  values  of  1  rn 

for  th<-  second  run  and  2  m  for  the  third  run;  the  R  of  these  stations  for  these  runs 

a 

wen  not  appreciably  decreased  by  the  reduction. 

It  should  be  noted  that  geodetic  reduction  with  the  above  stations  using  Net  10 
(geometrically,  much  the  stronger  of  the  two)  alone,  produced  an  R  of  3.  9  m  and 
an  R  of  20.  6  m.  The  resultant  proportional  accuracy  of  1/260,000  is  deemed 
fortuitous  tor  so  little  data. 

One  overall  reduction  encompassed  four  unknown  stations  ((>47,  643,  64  1,  and 
640),  three  known  stations  (648,  649,  and  650),  and  two  observation  nets  (30  and  34). 
(Table  6  and  Figure  6.  )  As  in  earlier  cases,  the  known  stations  were  held  fixed 
while  the  unknown  station  had  standard  deviations:  o.,  „  =  100  m,  o.  ..  =  100  m,  o  =5 
Ten  flashes  were  observed  by  all  stations  except  641  and  643,  which  observed  only 
the  five  flashes  of  Net  34. 

Mean  observation  sigmas  were  as  follows:  0'.'85  for  648,  1 08  for  649,  l'.'09 
for  650,  1 lfi  for  647,  1 56  for  640,  0'.'79  for  643,  and  1 19  for  641.  Once  again 
a  comparison  between  the  solution  angular  deviations  and  the  observation  sigmas 
indicated  the  sigmas  were  slightly  overoptimistie  and  that  each  R(j  is  somewhat 
underestimated. 

The  proportional  accuracies  are  1/122,  000  for  640,  1/86,000  for  641,  1  / 1  38,  000 
for  643.  In  view  of  the  short  distance  involved  (761  km)  for  *he  64'  determination, 
the  proportional  accuracy  of  1/62,000  is  not  too  meaningful. 


7.  COMII.I  SIOYS  \M)  RKCOMWKNimiONS 

The  results  of  the  Gulf  Test  reductions  demonsti  ate  that  the  PC- 1000  geodetic 
stellar  camera  system  is  capable  of  extending  geodetic  control  to  a  proportional 
accuracy  of  better  than  1/100,000  when  cameras  in  a  network  simultaneously  observe 
a  flashing  satellite  beacon. 

It  is  recommended  that  where  the  operational  requirements  exist,  PC  -1000 
camera  systems  be  used  to  make  geodetic  ties  and  strengthen  geodetic  control  by 
observing  the  ANNA  I-B  satellite.  When  the  ANNA  beacon,  which  is  now  going  into 
its  twenty-first  month  of  operation,  ceases  to  produce  the  required  lig!  output, 
rockt  t-borne  pyrotechnic  flares  could  serve  as  intervisible  light  source... 

Long-range  planning  should  be  undertaken  so  that  the  maximum  operational  use 
can  bt  made  of  the  GEOS  satellite  beacon  when  that  vehicle  is  placed  in  orbit. 
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TABLE  6.  Geodetic  position  determination  of  stations  640,  b41  , 
643,  and  647  from  stations  648,  649,  and  650 


Reference  stations  648,  649,  and  650'  =  °E-W  =  °H  =  ® 

Input  standard  deviations,  stations  640,  641,  643,  and  647: 
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N-S  E-W  H 

Observations:  Stations  648,  649,  650,  640,  and  647  observed 
5  flashes  on  Net  30  and  5  flashes  on  Net  34 
Stations  6.1  and  643  observed  5  flashes  on 
Net  34. 
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1  igure  6.  The  Coordinates  of  Stations  640,  04  1 ,  043,  and  647  are 
Determined  From  Those  of  Stations  048,  049  and  650  by  Nets  30 
and  34 
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